ADP-ribosylation factors (ARFs), a family of =20-kDa guanine nucleotide-binding proteins, were discovered as activators of cholera toxin (CTA)-catalyzed ADP-ribosylation of the stimulatory GTP-binding protein of the adenylyl cyclase system (Gsa) (1) and subsequently shown to serve as allosteric activators of the toxin catalytic unit (2, 3) . ARFs are known to function in vesicular transport and membrane trafficking (4) (5) (6) and play a key role in the maintenance of Golgi structure and function (7) . There are six known mammalian members of the ARF family with sequence identities ranging from 65 to 95%. These can be grouped into three classes based on protein size, deduced amino acid sequence, and gene structure (8) (9) (10) (11) (12) (13) (14) . ARFs contain highly conserved guanine nucleotide-binding domains and cycle between inactive GDP-bound and active GTP-bound states. When bound to GTP, ARF associates with membranes or phospholipids; release requires hydrolysis of GTP to GDP (15, 16 ). An exchange protein or activator, which provokes the release of bound GDP from ARF and allows GTP binding, has been detected in Golgi membranes (17) (18) (19) and partially purified from brain cytosol (20) . ARFs purified from liver or brain membranes, as well as recombinant (r) ARFs, are usually isolated in an inactive GDP-bound form that requires phospholipid and/or detergent for demonstration of high-affinity GTP binding and optimal enhancement of CTAcatalyzed ADP-ribosylation (21) (22) (23) (24) . Here we report that a mutant rARF1 with the first 13 amino acids deleted (rA13ARF1) can be purified (rA&13ARF1-P) with GTP and GDP bound in a fully active state, independent of added nucleotide (25) . After dialysis against 7 M urea, the renatured nucleotide-free rA13ARF1 (rAARF1-F) maintained the activated state in the absence of detergents or phospholipids.
MATERIALS AND METHODS
Ammonium acetate was purchased from Advanced Biotechnologies (Columbia, MD); 3-hydroxypicolinic acid was from Aldrich; acetonitrile was from Baxter Health Care Co. (Muskegon, MI); and trifluoroacetic acid was from Pierce. Sources of other materials have been published (25) .
rARF1 and rA13ARF1 proteins were synthesized and purified as described (25) . For GBq), and, as indicated, phospholipid, detergent, and nucleotides. Assays (in duplicate) were terminated after 1 hr at 30°C and ADP-ribosylagmatine was isolated for radioassay (27) .
RESULTS AND DISCUSSION
All preparations of rA13ARF1 and rARF1, synthesized in E. coli and purified on Ultrogel AcA54, appeared to be >90% pure as judged by Coomassie blue staining and immunoblot analysis with anti-sARFII antibodies after SDS/PAGE (data 
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. (Fig. 1 ). In the presence of SDS, activity of rA13ARF1-F was dependent on GTP[,yS] concentration and was half-maximal at "80 ,uM (Fig. 2) . The negative ion matrix-assisted laser desorption (MALDI) mass spectrum of nucleotides from rA13ARF11-P (Fig. 3) had strong signals at m/z 442 and 522, corresponding to quasi molecular ions [M-1] of GDP and GTP, respectively. Due to the nature of MALDI, conclusions about relative quantities of each nucleotide cannot be easily drawn from comparison of signals. In addition, some degradation of GTP to GDP and GDP to GMP occurred during parallel preparation of standard nucleotides for analysis.
In the presence of SDS, ITP was almost as effective as GTP in supporting rA13ARF1-F activity, whereas it was markedly less so with rARF1 (Fig. 4) . In the presence of cardiolipin, however, 100
,tiM ITP was almost as effective as GTP for stimulation of CTA activity by rARF1, rARF5, or rARF6 (Table 1) . Differences in the behavior of rA13ARF1-F and rARF1 with 100 ,uM GTP or 100 ,uM ITP were assessed in the presence of several detergents and phospholipids ( rA13ARF1-GTP, rA13ARF1-GDP, and rA13ARF1-ITP were prepared to determine whether any of them exhibited the behavior of rA13ARF1-P. In the CTA assay with SDS, the activities of rA&13ARF1-GTP, rA13ARF1-ITP, and rA13ARF1-P were similar ( Addition of GTP increased the activity of rA13ARF1-GDP only slightly, as, presumably, only part of the bound GDP was exchanged for GTP during the reaction. Similarly, addition of GDP decreased only partially the activity of rA13ARF1-GTP, rA13ARF1-ITP, or rA13ARF1-P. In SDS, activation of rARF1 by ITP was much less than by GTP (Table 3 and Fig. 4) . Native ARFs require GTP binding for optimal stimulation of CTA-catalyzed ADP-ribosylation (22) (23) (24) . Recombinant ARFs synthesized in Escherichia coli have usually been isolated in an inactive GDP-bound state (21, 24) . A recombinant ARF6 fusion protein with maltose-binding protein at the amino terminus was, however, isolated in an active GTP-bound form (26) . We have reported (25) the isolation of rA13ARF1 and another amino-terminal mutant ARF1 (rPKA14ARF1) in an activated form. After removal of bound nucleotides, these proteins were dependent on GTP for activity when assayed in the presence of SDS (25) . Table 3 . Effects of rA13ARF1 with nucleotide rebound on CTA activity ADP-ribosyltransferase activity, nmol/hr rARF Basal GTP GDP ITP rA13ARF1-F 2.3 ± 0.1 9.7 ± 0.7 1.5 ± 0.1 7.0 ± 0.1 rA&13ARF1-GDP 2.5 ± 0.1 5.6 ± 0.5 1.7 ± 0.1 3.6 ± 0.2 rA&13ARF1-GTP 9.6 ± 0.4 10.7 ± 0.1 7.6 ± 0. Nucleotides extracted from rA13ARF1-P have now been identified as GTP and GDP by MALDI mass spectrometry (Fig. 3) and HPLC (data not shown) . To what extent the GDP was generated from GTP during extraction and analysis is unclear. Nucleotide bound to rARF1 was all apparently GDP (data not shown). Randazzo et al. (28) reported that most of the nucleotide bound to rA13ARF1 was GTP, based on HPLC analysis. As rA13ARF1-P was equally active with or without nucleotides and SDS, its bound nucleotide was apparently not exchanged under these conditions and thus its structure or conformation clearly differed from that of rARF1. Although the nucleotide-free rA13ARF1-F in the absence of detergent or phospholipid still had high activity without GTP, it became GTP-dependent when SDS was added; i.e., it seemingly adopted an active structure or conformation, like rA13-ARF1-P, in the absence of detergent but not in its presence. rA13ARF1-F also differed from rARF1 in its response to specific phospholipids and detergents. The 
